In this paper the steady laminar magneto hydrodynamic (MHD) mixed convection boundary layer flow towards a vertical stretching sheet with variable fluid viscosity, radiation and in the presence of Dufour's effect have been investigated. The governing partial differential equations are transformed into set of ordinary differential equations using similarity transformation, and then these equations have been solved numerically using Runge-Kutta method with shooting technique. Results shows that magnitude of skin friction coefficient decreases, while magnitude of heat transfer coefficient and mass transfer coefficient increases with decreasing values of viscosity variation parameter for the case of opposing flow. But in the case of assisting flow magnitude of skin friction coefficient, heat transfer coefficient and mass transfer coefficient decreases with decreasing values of viscosity parameter. Also magnitude of skin friction coefficient and heat transfer coefficient decreases with increasing values of Dufour number for both assisting and opposing flow, and there is a slight change in magnitude of mass transfer coefficient with Dufour number. Magnitude of velocity increases with increasing values of Dufour number for both assisting and opposing flow.
INTRODUCTION
Heat and mass transfer mixed convection boundary layer flow along a continuously stretching sheet has attracted considerable attention in the last several decades, due to its application in extrusion process, wire and fiber coating, polymer processing, foodstuff processing, design of various heat exchangers and chemical processing equipment etc.
Mahapatra and Gupta presented the heat transfer stagnation point flow towards a stretching sheet in 2002. In 2005, Sedeek and Salem studied the effect of variable viscosity and variable thermal diffusivity in laminar mixed convection boundary layer flow adjacent to a vertical continuously stretching sheet. Ishak presented the mixed convection boundary layer flow near the two dimensional stagnation point flow of an incompressible fluid over a stretching sheet in 2006. In 2007 El-Aziz studied the heat and mass transfer of electrically conducting fluid having temperature dependent viscosity and thermal conductivity along a stretching sheet with the effect of Ohmic heating.. In 2008 Ishak, Nazar and Pop presented the MHD flow and heat transfer along a stretching vertical sheet. In 2009 Pal D. studied effect of thermal radiation on heat and mass transfer stagnation point flow towards a stretching sheet. Effects of variable properties on MHD heat and mass transfer flow near a stagnation point towards a stretching sheet in a porous medium with thermal radiation was studied by Salema & Fathy in 2012. Numerical investigation of stagnation point flow over a stretching sheet with convective boundary conditions was presented by Mohmed, Salleh, Nazar & Ishak in 2013. In 2016 MHD flow due to a linearly stretching sheet with induced magnetic field was studied by El-Mistikawy.
It have been seen that in previous studies the Dufour effect was neglected on the basis that of a smaller order of magnitude than the effects described by Fourier's and Fick' laws. However, in their book, Eckert and Drake (1972) have reported several cases when the Dufour effect cannot be neglected. So aim of this paper is to study the effect of heat and mass transfer in mixed convection boundary layer flow along a stretching sheet in the presence of magnetic field, Dufour effect and Radiation effect with variable fluid viscosity. It is assumed that the stretching velocity, surface temperature and surface concentration vary linearly with the distance from stagnation point. The governing fluid flow equations are transformed into non dimensional form using similarity transformation and solved by using Runge-Kutta method with shooting technique.
PROBLEM FORMULATION
The mixed convection, two-dimensional, laminar, boundary layer flow due to a stretching vertical heated sheet in a viscous, incompressible and electrically conducting fluid in the presence of magnetic field and with Dufour effect has been made. Two equal and opposite forces are impulsively applied along the x-axis so that the sheet is stretched, keeping the origin fixed in the fluid of ambient temperature T∞. The transverse magnetic field B0 is applied along perpendicular direction of x-axis. The stationary coordinate system has its origin located at the centre of the sheet with the x-axis extending along the sheet, while the yaxis is measured normal to the surface of the sheet and in the positive
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Available at www.ThermalFluidsCentral.org 2 direction from the sheet to the fluid. The coordinate system has been shown in figure. The stretching velocity uw(x), surface temperature Tw(x) and surface concentration Cw(x) vary linearly with the distance from stagnation point O. The governing fluid flow equations for the problem under consideration are: Equation of continuity,
Equation of momentum,
Equation of heat transfer,
Equation of mass transfer,
Here u and v are velocity component along x and y direction. g is acceleration due to gravity, T and C are temperature and concentration of fluid, k is thermal conductivity of fluid, μ′ is variable fluid viscosity, kt is thermal diffusion ratio and D is mass diffusion coefficient. In equation (2) "+" sign is corresponding to assisting flow and "-"sign refers to an opposing flow. The stretching surface has temperature Tw, concentration Cw and the free stream temperature and concentration are T∞ and C∞ respectively, with Tw> T∞ and Cw> C∞. In this study the radiation heat flux in the x-direction has also been considered. Using Rosseland diffusion approximation the radiation heat flux is given by:
As done by Raptis in 1998 in his work here also the temperature difference within the flow is assumed to be sufficiently small so that T 4 may be expressed as a linear function of temperature T, i.e.
From equation (3) and in view of equation number (5) and (6), it is seen that the effect of radiation is to enhance the thermal diffusivity. The initial and boundary conditions are:
u=ue(x)=ax,T→T∞,C→C∞, as y→∞ (7) Here U0, a, b, d are constants. vw is suction velocity and ue is velocity of the flow external to the boundary layer. The similarity transformations used are:
here ψ is stream function, η is similarity variable, θ and ∅ are dimensionless temperature and concentration.
Equation (5) and (6) with similarity transformations (8) will be used to convert equation (3) into ordinary differential equation. Also by using above transformations equations (2) - (4) are converted into following set of ordinary differential equations:
Here Sc is Schmidt number, Du is Dufour number, λ is thermal buoyancy parameter, δ is solutal buoyancy parameter and γ is non dimensional viscosity variation parameter.
The transformed boundary conditions are
, θ=0 and ∅=0 as η→∞
Where
are local Grashof number and local solutal Grashof number respectively. Also λ = Now after using (9) and (14), we obtain
NUMERICAL COMPUATION
The system of boundary value problem (9)- (11) with boundary conditions has been solved with the help of Runge-Kutta Felberg method with shooting technique, by taking Δη=0.01 and η∞=8.
In this method firstly system of equations (9)- (11) Here the missing initial conditions i.e. , at = 0 are chosen in such a way so that the target values at → ∞ are satisfied by the boundary conditions. Then first order system of equation (16) with converted boundary values are solved with shooting method in the MATLAB software.
RESULTS AND DISCUSSION
These results are very good agreement with Pal (2009) . The value of dimensionless velocity f′′(η), dimensionless temperature θ(η) and dimensionless concentration Φ(η) have been computed for different values of dimensionless parameters and shown in figures 1-12. In all graphical results smooth curves presents the results for assisting fluid flow and dotted curve presents the results for opposing fluid flow. Figure 2 show the effect of Dufour number on velocity profile. This figure depicted that magnitude of velocity increases with increasing values of Dufour number (Du=0, 0.03, 0.15, 0.75), for both assisting and opposing flow. It is evident in the figure 2 and 3 that velocity increases with increase in the value of Dufour number and viscosity variation parameter, also attains a maximum value then it starts decreasing till the value becomes constant (=1) for η ˃ 3 for both cases of opposing and assisting flow. In figure 3 it has been observed that magnitude of velocity increases with increasing values of viscosity variation parameter. Figure  4 presents the effect of Dufour number on temperature profile and show that magnitude of temperature increases with increasing values of Dufour number. It is also seen in the figure 4 that the temperature of the fluid decreases as the distance from the surface increases. In figure 5 it has been seen that magnitude of velocity decreases with increasing values of magnetic parameter (M=0, 0.5, 1, 1.5) and attains its minimum value and then start decreasing till the value becomes constant (=1) for η ˃ 3. From figures 6-8 effect of Prandtl number on temperature profile, concentration profile and on velocity profile have been presented. These figures show that magnitude of temperature, concentration and also magnitude of velocity decreases with increasing values of Prandtl number (Pr=0.7, 7, 10). (0) θ′ (0) ϕ′ ( Sc=0.5, 0.7, 2) . The effects of stretching velocity parameter on velocity, temperature and on concentration profiles have been presented in figures 11-13. These figures show that magnitude of velocity increases, but magnitude of temperature and concentration decreases with increasing values of stretching velocity parameter (a/U0=0.5, 1, 1.5). Figure 11 depicts that for both cases of assisting and opposing flow a boundary layer is formed when stretching velocity is less than the free stream velocity i.e. when a/U0˃1. In the figure 11 it can also seen that the inverted boundary layer is formed for the case when a/U0<1 in both assisting and opposing flow. In figure 12 and 13 it is observed that the temperature as well as concentration increases with increase in a/U0 for both assisting and opposing flow, also the values of temperature and concentration is higher for both opposing flow than for assisting flow at all points. It is also seen in the figures that the temperature and concentration of the fluid decreases as the distance from the surface is increased. Tables 1 and 2 give the values of skin friction coefficient, heat transfer coefficient and mass transfer coefficient with different values of non dimensional parameters for both assisting and opposing flows.
CONCLUSIONS
Results shows that magnitude of skin friction coefficient decreases, while magnitude of heat transfer coefficient and mass transfer coefficient increases with decreasing values of viscosity variation parameter for the case of opposing flow. But in the case of assisting flow magnitude of skin friction coefficient, heat transfer coefficient and mass transfer coefficient decreases with decreasing values of viscosity parameter. It has been observed that, magnitude of skin friction coefficient and heat transfer coefficient decreases with increasing values of Dufour number for both assisting and opposing flow, and there is a slight change in magnitude of mass transfer coefficient with Dufour number. Further it has been noticed that magnitude of skin friction coefficient and heat transfer coefficient decreases with increasing values of magnetic parameter for both observed cases. With increasing values of Prandtl number magnitude of skin friction coefficient decreases but magnitude of heat transfer coefficient increases for both cases of assisting and opposing flows. It has been seen that with mass transfer parameter magnitudes of skin friction coefficient and heat transfer coefficient decreases but magnitude of mass transfer coefficient increases for both considered cases. 
